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DEVELOPING DEVICE AND IMAGE
FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a copying machine and a facsimile
machine, various kinds of image forming apparatuses such as
a printer and a developing device applied to the image form-
ing apparatuses. More particularly, it relates to a developing
device and an 1image forming apparatus including a mecha-
nism for resupplying recycled toner particles.

2. Description of the Related Art

As a developing device applied to image forming appara-
tuses such as a copying machine and a facsimile machine, a
developing device disclosed in a Japanese Unexamined
Patent Publication No. 2001-235933 1s known. The develop-
ing device includes a housing for supplying toner particles to
a photoconductive drum of an image forming apparatus, and
a toner cartridge detachably mounted on the housing for
supplying toner particles. In a bottom portion of the toner
cartridge, an openable and closable toner discharging section
1s formed. In the housing, a toner inlet section corresponding
to the toner discharging section 1s formed. When the toner
discharging section 1s opened by mounting the toner cartridge
on the housing, toner particles stored 1n the toner cartridge 1s
supplied to a predetermined circulating conveyance passage
provided 1n the housing.

The circulating conveyance passage 1s formed to be a
groove extending parallel in an axial direction of the photo-
conductive drum and having an open end in 1ts upper portion.
The circulating conveyance passage has a front conveyance
passage extending along a developing roller, and a rear con-
veyance passage extending parallel to the front conveyance
passage and passing a position to receive developer particles
from the developer inlet section. In each of the conveyance
passages, a spiral feeder having a spiral {in spirally formed on
a periphery of the feeder shaft 1s provided. Toner particles
(toner particles and carrier particles in the case of two-com-
ponent developer particles) are circulated in the front convey-
ance passage and the rear conveyance passage 1n accordance
with a rotation of the spiral fin about the feeder shaft.

Toner particles received by the rear conveyance passage
from the toner cartridge through the toner inlet section are
moved to the front conveyance passage by a rotation of the
spiral feeder about the feeder shait and then sent to the front
conveyance passage through a communicating passage at a
downstream of the rear conveyance passage. Toner particles
moved to the front conveyance passage are supplied to a
peripheral surface of the developing roller while being con-
veyed 1n accordance with a driving of the spiral feeder 1n a
direction opposite to the conveyance direction of the rear
conveyance passage. Remainder of toner particles are con-
veyed back to the rear conveyance passage at a downstream
end of the front conveyance passage. In the case of using
two-component developer particles, toner particles and car-
rier particles are stirred and mixed in the rear conveyance
passage. Then, a required amount of developer particles
(toner particles and carrier particles) are supplied to the
peripheral surface of the developing roller in the front con-
veyance passage. Remainder of developer particles are con-
veyed back to the rear conveyance passage.

In a developing device of the Japanese Unexamined Patent
Publication No. 2001-235933 having such fundamental con-
struction, a conveyance power reduction portion which 1s so
constructed as to reduce a conveyance power locally 1s pro-
vided at a location which 1s on downstream of the toner inlet
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section 1n a conveyance direction of the spiral feeder provided
in the rear conveyance passage. The conveyance power reduc-
tion portion 1s provided for causing retaining of toner par-
ticles on upstream thereof. Since the retaining of toner par-
ticles occurs between the conveyance power reduction
portion and the toner inlet section, retained toner particles
block the toner inlet section to thereby restrict supply of toner
particles when enough amount of toner particles exist in the
developing device. On the contrary, when toner particles 1n
the developing device are consumed and amount of toner
particles 1s reduced, the retained toner particles are also
reduced. Accordingly, a space 1s formed between the portion
where toner particles are retained and the toner 1nlet section
so that toner particles fall down from the toner cartridge and
supplied 1into the developing device. When enough amount of
toner particles are supplied into the developing device, retain-
ing of toner particles occurs and the toner inlet section 1s
closed so that the supply of toner particles 1s restricted. As can
be seen, the amount of toner particles supplied to the devel-
oping device from the toner cartridge 1s automatically
adjusted 1n accordance with amount of toner particles exist-
ing in the developing device.

Meanwhile, there 1s a known mechanism aimed for reusing,
toner particles by recovering toner particles resided on a
photoconductive drum after a transierring process and resup-
plying the same to the developing device as recycled toner

particles ({or example, refer to Japanese Unexamined Patent
Publication Nos. 2001-235933, 2000-29312, HEI8-54809,

HEI9-197786 and HEI5-249828). Adopting such mechanism
provides an advantage that toner particles resided after the
transierring process can be utilized effectively.

However, since the conveyance power reduction portion
described above 1s provided so as to retain toner particles and
restrict supply of toner particles from the toner cartridge in the
developing device described in Japanese Unexamined Patent
Publication No. 2001-235933, a problem of clogging (a phe-
nomenon where toner particles are rammed down and clog a
toner inlet section so that toner particles are not supplied from
the toner cartridge even though toner particles run short) has
been arose when the developing device 1s, for example, in a
high-temperature environment or in the condition where a
low-darkness printing 1s executed for a long time so that few
toner particles are consumed.

Especially 1n the case where toner particles resided on the
photoconductive drum after a transierring process 1s recov-
ered and supplied again to the developing device as recycled
toner particles, there has been a problem that clogging 1s
likely to occur since a fluidity of recycled toner particles 1s
generally lowered. Further, since recycled toner particles
have low charging characteristic, there has been a problem
that toner particles are not well mixed (well attached with
charges) with carrier particles. This 1s because recycled toner
particles undergo various kinds of stresses before they are
resupplied to the developing device and various changes such
as separation and burial of agent particles and aggregation of
toner particles so that fluidity and charging characteristic are
changed from the 1mitial state.

SUMMARY OF THE INVENTION

The mvention present invention has worked out 1n view of
the problems described above and 1s mntended for a develop-
ing device including a conveyance power reduction portion.
An object of the mvention 1s to effectively prevent clogging
occurred 1n a vicinity of a toner inlet section in the toner
circulating passage of the developing device. More particu-
larly, an object of the mvention 1s to provide a developing
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device and an image forming apparatus capable of preventing
the clogging and improving a charging characteristic of toner
particles 1n the case where a mechanism for resupplying
recycled toner particles to the developing device 1s provided.

To achieve the object, the developing device according to
the invention has the following construction.

A developing device for supplying developer particles to a
peripheral surface of an 1image bearing member comprises: a
housing; a circulating passage for conveying developer par-
ticles while stirring them, the circulating passage being pro-
vided 1n the housing; a developer supplier for supplying
developer particles 1n the housing; a developer ilet section
for allowing developer particles to come 1n from the devel-
oper supplier, the developer inlet section being formed 1n an
upper portion of the housing; a conveyance mechanism for
conveying developer particles recerved through the developer
inlet section, the conveyance mechanism being provided 1n
the circulating passage; and a developing roller provided at a
position of facing the image bearing member, wherein: the
circulating passage includes a front conveyance passage
extending along the developing roller, and a rear conveyance
passage extending parallel to the front conveyance passage
and passing a position to receive developer particles from the
developer inlet section, the conveyance mechanism includes
a front conveyer and a rear conveyer which are rotatable about
their respective axes to convey developer particles 1n speci-
fied conveyance directions, the front conveyer being provided
in the front conveyance passage and the rear conveyer being
provided 1n the rear conveyance passage, the rear conveyer
having a conveyance power reduction portion for reducing
the conveyance power locally, and the developer inlet section
includes a first developer inlet opening for allowing developer
particles from the developer supplier to come 1n, and a second
developer inlet opening for allowing developer particles
recovered from the image bearing member to come 1n, the
first and second developer inlet openings being provided 1n
the circulating passage at locations which are on upstream of
the conveyance power reduction portion of the rear conveyer
and where developer particles coming from the first developer
inlet opening and/or the second developer inlet opening are
likely to be upwardly surged due to the rotation of the rear
conveyer.

These and other objects, features, aspects, and advantages
of the present invention will become more apparent from the
tollowing detailed description of the preferred embodiments/
examples with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view showing an
embodiment of a developing device according to the mven-
tion.

FIG. 2 15 a sectional view of the developing device shown
in FIG. 1 1n a side view showing the state where a toner
cartridge 1s detached from a housing of the developing device.

FI1G. 3 15 a sectional view of the developing device shown
in FIG. 1 1 a side view showing the state where a toner
cartridge 1s mounted on the housing of the developing device.

FIG. 4 1s a sectional plan view of the housing of the devel-
oping device.

FIG. 5 15 a sectional view showing a system of supplying
recycled toner particles.
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FIG. 6 1s a perspective view showing an embodiment of a
conveyance power reduction portion.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L]
By

ERRED

FIG. 1 1s an exploded perspective view showing an
embodiment of a developing device according to the mven-
tion. FIGS. 2 and 3 are sectional views of the developing
device shown 1n FIG. 1 viewing from side. FIG. 2 shows the
state where a toner cartridge 1s detached from a housing of the
developing device, and FI1G. 3 shows the state where the toner
cartridge 1s mounted on the housing of the developing device.
FIG. 4 1s a sectional plan view of the housing of the develop-
ing device. In these figures, X-X directions denote width
directions, and Y-Y directions denote forward and backward
irections. Particularly, —X direction denotes a leftward
irection, +X direction denotes a rightward direction, -Y
irection denotes a forward direction and +Y direction
enotes a backward direction.

As shown 1n FIG. 1, a developing device 10 has a funda-
mental structure including a main body 20 (a housing portion)
and a toner cartridge 70 (developer supplier). The main body
20 1s provided adjacent to a photoconductive drum (image
bearing member) D (refer to FIGS. 2 and 3) for supplying
developer particles to a peripheral surface of the photocon-
ductive drum D. The toner cartridge 70 1s detachably mounted
on the main body 20 and i1s adapted for supplying toner
particles 1n the main body 20. In the embodiment, two-com-
ponent developer particles including carrier particles and
toner particles are used as an example of the developer par-
ticles.

The main body 20 includes a housing 30, a cover body 40
and a cover body shutting member 50. The housing 30 has a
circulating conveyance passage 301 (circulating passage) for
circulating two-component developer particles 1n the main
body 20. The cover body 40 1s adapted for closing an opening
formed 1n an upper portion of the housing 30. The cover body
shutting member 50 1s attached to the cover body 40 for
opening and closing a {first toner inlet opening 441 (first
developer inlet opening) formed on the cover body 40. The
main body 20 1s formed by fixedly placing on the housing 30
the cover body 40 to which the cover shutter member 50 1s
attached.

The housing 30 includes a pair of side plates 31, a front
plate 32, a rear plate 33 and a bottom plate 35. Each side plate
31 1s formed to have a shape similar to a rhombus extending
downwardly 1n a frontward direction and 1s provided 1n a
widthwise part of the housing 30. The front plate 32 1s pro-
vided extendingly between front ends of the respective side
plates 31. The rear plate 33 1s provided extendingly between
rear ends of the side plates 31. The bottom plate 35 1s provided
extendingly 1n lower end parts of the side plates 31 and of the
rear plates 33 (FIG. 2). In a space surrounded by the side
plates 31, the front plate 32, the rear plate 33 and the bottom
plate 35, a circulating conveyance passage 301 for circulat-
edly conveying developer particles. A pair of spiral feeders 60
are provided in the circulating conveyance passage 301. Fur-
ther, a developing roller 66 1s provided 1n front of the spiral
teeders 60.

The circulating conveyance passage 301 includes a front
conveyance passage 302 and a rear conveyance passage 303.
The front conveyance passage 302 1s formed 1n a front portion
extendingly along the developing roller 66 and 1s long 1n a
width direction. The rear conveyance passage 303 1s formed
behind the front conveyance passage 302 and 1s formed par-
allel to the front conveyance passage 302. The spiral feeder 60

C
C
C
C
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includes a front spiral feeder 61 (front conveyvance mecha-
nism) and a rear spiral feeder 62 (rear conveyance mecha-
nism). The front spiral feeder 61 1s provided in the front
conveyance passage 302. The rear spiral feeder 62 1s provided
in the rear conveyance passage 303. As shown 1n FIG. 2, a
front conveyance passage bottom plate 351 and a rear con-
veyance passage bottom plate 352 are provided 1n the bottom
plate 35 of the circulating conveyance passage 301. The front
conveyance passage bottom plate 351 has an arc-shaped cross
section corresponding to the front conveyance passage 302.
The rear conveyance passage bottom plate 352 has an arc-
shaped cross section corresponding to the rear conveyance
passage 303. The front spiral feeder 61 and the rear spiral
teeder 62 are rotationally driven by an unillustrated driving
section such as a driving motor.

Each of the front spiral feeder 61 and the rear spiral feeder
62 has a feeder shaft 63 and a spiral fin 64. Each feeder shait
63 1s extendingly provided between the pair of side plates 31
in the circulating conveyance passage 301. The spiral {in 64 1s
spirally formed around the feeder shatt 63. The spiral feeders
61, 62 circulatedly convey developer particles supplied 1n the
circulating conveyance passage 301 by an integral rotation of
the spiral fin 64 around the feeder shaft 63.

In the embodiment, the spiral fin 64 of the front spiral
teeder 61 has a counter-clockwise spiral moving forward by a
rotation 1n a counter-clockwise direction viewed from an end
of the feeder shait 63. On the other hand, the spiral {in 64 of
the rear spiral feeder 62 has a clockwise spiral moving for-
ward by a rotation 1n a clockwise direction viewing from an
end of the feeder shatt 63. Thus, when the front spiral feeder
61 1s rotated 1n a counter-clockwise direction about the feeder
shaft 63, developer particles positioned in the front convey-
ance passage 302 are moved 1n a leftward direction (a direc-
tion indicated by an arrow a3 in FIG. 4). On the other hand,
when the rear spiral feeder 62 1s rotated in a counter-clock-
wise direction about the feeder shaft 63, developer particles in
the rear conveyance passage 303 are conveyed in a rightward
direction (a direction indicated by an arrow al in FIG. 4).

Further, a partition wall 34 1s provided between the front
conveyance passage 302 and the rear conveyance passage 303
so as to divide the conveyance passages 302, 303. Further, the
partition wall 34 has notches each formed 1n a left end portion
and right end portion thereof providing communication pas-
sages 304, 304 bypassing opposite ends of the front convey-
ance passage 302 and the rear conveyance passage 303.
Accordingly, a circulating passage for circulating developer
particles passing through the front conveyance passage 302,
the rear conveyance passage 303 and communication pas-
sages 304, 304 can be formed. Herein, when the front spiral
teeder 61 and the rear spiral feeder 62 are rotated respectively
about the feeder shatt 63 1n a counter-clockwise direction, the
developer particles 1n the circulating conveyance passage 301
are circulatedly conveyed 1n a counter clockwise direction
between the front conveyance passage 302 and the rear con-

veyance passage 303 through the communication passages
304, 304 as indicated by arrows al through a4 in FIG. 4.

As shown 1n FIGS. 2 and 3, a roller shaft 65 1s provided
extendingly between the pair of side plates 31 at a front
position of the front conveyance passage 302. Further, a
developing roller 66 1s axially supported integrally rotatably
about the roller shait 65. Further, portions where the front
conveyance passage 302 and the developing roller 66 are
provided 1s formed to be communicable to each other in
almost entire length 1n a width direction, and a position of the
developing roller 66 1s set at a position of facing the peripheral
surface of the photoconductive drum D located in front. Thus,
toner particles included 1n developer particles to be conveyed
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6

in the front conveyance passage 302 are supplied to the
peripheral surface of the photoconductive drum D through the
developing roller 66. Accordingly, a toner image 1s formed on
the peripheral surface of the photoconductive drum D.

The cover body 40 includes a plate-like cover main body 41
and a standing wall 42. The standing wall 42 1s positioned at
a central position 1n forward and backward directions of the
main body 41 and extends in a width direction. The cover
main body 41 has a size set to be slightly larger than an
opening formed 1n an upper portion of the housing 30.
Accordingly, an upper portion of the circulating conveyance
passage 301 1s closed in the state where the cover main body
41 1s covered on the upper face of the housing 30. In almost
widthwisely central part of the cover main body 41 at a
backward position from the standing wall 42, a shutter attach-
ing position 43 for attaching the cover body shutting member
50 1s provided.

In the cover main body 41, a toner inlet section 44 for filling
the housing 30 with toner particles 1s provided. The toner inlet
section 44 includes a first toner inlet opening 441 (first devel-
oper inlet opening) for allowing toner particles from the toner
cartridge 70 to come 1nto the housing 30 and a second toner
inlet opening 442 (second developer inlet opening) for allow-
ing recycled toner particles recovered from the photoconduc-
tive drum D to come into the housing 30. The first toner inlet
opening 441 and the second toner 1nlet opening 442 are seri-
ally arranged on the circulating conveyance passage 301 (rear
conveyance passage 303) and are provided at locations which
are on upstream of a conveyance power reduction portion 67
of the rear spiral feeder 62 described herein after in the cir-
culating passage. Further, the first toner inlet opeming 441 1s
provided in the shutter placing portion 43, and the cover body
shutter member 50 1s provided for opening and closing the
toner inlet opening 441.

The toner 1nlet section 44 (the first toner inlet opening 441
and the second toner inlet opening 442) 1s provided at a
position where toner particles coming through the first toner
inlet section 44 to the housing 30 are likely to be upwardly
surged due to a rotation of the rear spiral feeder 62. In other
words, as shown 1n FIGS. 2 and 3, the toner inlet section 44 1s
provided at a position of facing an upstream of the rotational
direction of the rear spiral feeder 62 1n the state where the
cover body 40 1s placed on the housing 30. In the embodi-
ment, the rear spiral feeder 62 1s configured to be rotated 1n a
counter clockwise direction about the feeder shaft 63.
Accordingly, the toner inlet section 44 1s provided at an
upstream of the rotational direction. That 1s to say, with regard
to a rotational direction of the rear spiral feeder 62 1n a cross
section perpendicular to the feeder shatt 63, 1n the case where
an upstream of the rotational direction 1ndicates a rotational
part which comes close to the toner inlet section 44 within a
rotation about the feeder shait 63 and a downstream of the
rotational direction indicates a rotational part which moves
away from the toner inlet section 44, the toner inlet section 44
1s provided so as to face the upstream of the rotational direc-
tion of the rear spiral feeder 62.

Thus, toner particles supplied into the rear conveyance
passage 303 through the toner 1nlet section 44 are guided by
a rotation of spiral fin 64 of the rear spiral feeder 62 and
moved 1n an upper part of the spiral fin 64 from the rear part
to the front part. Thereafter, toner particles are led by the
rotation of the spiral {in 64 1n the counter-clockwise direction
about the feeder shaft 63 and conveyed 1n a rightward direc-
tion (backside of sheets of FIGS. 2 and 3). At this time, toner
particles are stirred and mixed with carrier particles existing,
in the rear conveyance passage 303. It will be described
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hereinafter, but 1t should be noted that such manner of sup-
plying toner particles suppresses clogging of toner particles.

Next, a preferable location of the toner 1nlet section 44 on
the circulating conveyance passage 301 (rear conveyance
passage 303) 1s described. In the invention, the toner inlet
section 44 may be positioned at an upstream of the convey-
ance power reduction portion 67 of the rear spiral feeder 62 1n
the circulating conveyance passage 301 . However, since the
recycled toner particles which generally have lower charging
characteristic and fluidity are resupplied, 1t 1s preferable to
send out the recycled toner particles after providing enough
charging characteristic thereto. Accordingly, 1t 1s preferable
that at least the second toner inlet opening 442 for resupplying,
recycled toner particles 1s provided at as much upstream of
the rear conveyance passage 303 as possible so that recycled
toner particles to be resupplied and carrier particles are well
stirred and mixed 1n the spiral feeder 62.

Particularly, as shown 1n FIG. 4, 1t 1s preferable that the
second toner inlet opening 442 1s provided 1n a location which
satisiies the following equation (1) where 1 denotes a distance
between an upstream end 624 of the rear spiral feeder 62 and
a downstream end of the second toner inlet opening 442, and
L. denotes a length of the rear spiral feeder 62.

=2/5%].

(1)
Especially, 1t 1s preferable to satisiy the following equation

(2).

[=1ax], (2)

Setting a position of the second toner 1nlet opening 442 as
described above conserves enough time for stirring and mix-
ing recycled toner particles to be resupplied. A frictional
charging occurred between recycled toner particles and car-
rier particles during that time serves enough electrostatic
adherence therebetween. Consequently, recycled toner par-
ticles can be mixed appropriately with carrier particles.

Such effect becomes apparent 1t toner particles having an
average particle size of 4.0 to 7.5 um are used and toner-
blended agent having more than 2.0 wt % or particularly more
than 3.0 wt % of total amount of agent particles are used.
Namely, since lowering of fluidity and increase 1n adherence
becomes apparent as particle size of toner particles becomes
smaller, some means such as increasing fluidity by increasing
amount of agent or lowering adherence by adding large-
diameter agent are taken. However, 1n the case where the
fluadity 1s secured by adding large amount of agent, recycled
toner particles are likely to be separated from the agent par-
ticles. Accordingly, lowering of the fluidity becomes espe-
cially apparent. Further, in the case where a large-diameter
agent 1s used, bunial of toner particles occurs, and effect of
such phenomenon becomes more apparent when recycled
toner particles are used. It the invention 1s applied 1n the case
where such mixture of toner particles 1s used and recycled
toner particles are re-supplied into the main body 20 of the
developing device, especially the fluidity and charging char-
acteristic of recycled toner particles can be improved.

It 1s preferable that the second toner inlet opening 442 (or
first toner inlet opening 441) 1s formed on as much upstream
in the rear conveyance passage 303 as possible. However, 1t 1s
preferable that a portion of the communication passage 304
and the second toner inlet opening 442 does not completely
overlap with each other. In the communication passage 304,
developer particles are conveyed 1n a direction indicated by
the arrow a4 from the front conveyance passage 302. On the
other hand, a tlow of the developer particles 1s so complicated
due to a rotational driving force the rear spiral feeder 62.
Accordingly, supplied recycled toner particles (new toner
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particles) are not well mixed with carrier particles. For
example, 1n the case where a rotational direction of the rear
spiral feeder 62 1s the same as that of the direction indicated
by arrow a4 from upper view, great amount of developer
particles are pressingly compressed toward a side wall of the
developing device 20 facing the communication passage 304.
Accordingly, supplied toner particles are susceptible to be
retained therein. Further, also in the case where the rotational
direction of the rear spiral feeder 62 1s reversed with respectto
the direction indicated by the arrow a4, movement of toner
particles toward the direction which the toner particles are
conveyed 1s balanced out by developer particles conveyed
from the communication passage 304 toward the direction
indicated by the arrow ad. Accordingly, a flow of toner par-
ticles 1s disturbed, and toner particles are likely to be retained
therein. Consequently, 1t 1s preferable that the second toner
inlet opening 442 (or the first toner inlet opening 441) 1s
positioned on a slightly downstream of the conveyance direc-
tion from the communication passage 304.

However, 1t 1s preferable that the second toner inlet opening
442 (or the first toner inlet opening 441) 1s not completely
separated from the communication passage 304 but 1s placed
close to the communication passage 304 to some extent. A
tlow of developer particles becomes more stable 11 the second
toner inlet opening 442 1s placed away toward the down-
stream and roughness 1n surfaces (upper surface of a particle
flow layer) of developer particles 1s calm. However, 1f the flow
ol developer particles 1s stable, electrostatic adherence by a
trictional charging with carrier particles 1s not likely to occur
since recycled toner particles has low charging characteristic
and fluidity. Accordingly, toner particles become less suscep-
tible to be mixed with carrier particles. On the contrary,
surface (upper surface of the particle flow layer) of developer
particles 1s rough in proximity of the communication passage
304. Accordingly, 1t can be expected that recycled toner par-
ticles are mingled with carrier particles and likely to be mixed
therein.

In the embodiment, the second toner ilet opening 442 for
supplying recycled toner particles 1s positioned on an
upstream 1n a conveyance direction from the first toner inlet
section 441 for supplying new toner particles. Positioning the
inlet openings 1n such a manner reserves time long enough for
stirring and mixing recycled toner particles having low charg-
ing characteristics and fluidity. Of course, the first toner inlet
opening 441 may be formed on an upstream 1n a conveyance
direction from the second toner inlet opening 442. Further, 1t
should be noted that the first toner inlet opening 441 does not
necessarily have to be formed at a position satistying the
equations (1) and (2) described above. However, 1t 1s prefer-
able that the first inlet opening 441 at a position satisiying the
equations (1) and (2) described above to reserve enough time
for stirring and mixing new toner particles supplied from the
first toner inlet opening 441, resided developer particles and
recycled toner particles.

The cover body shutting member 50 includes a shutter
plate 51 and a pair of projections 52. The shutter plate 51
corresponds to the first toner inlet opening 441. The pair of
projections 32 are provided 1n opposite widthwise ends of the
shutter plate 51 and extend 1n forward and backward direc-
tions thereof. The shutter plate 51 has a enough size for
closing up the first toner 1nlet opening 441. Further, at each
rear end of the pair of projections 52, a sloped surface 353
having an end sloping downward 1n a backward direction 1s
provided. These sloped surfaces 53 are adapted for moving
the cover shutter member 50 when the toner cartridge 70 1s
mounted on the main body 20 of the developing device and
comes 1n contact with the bottom portion of the toner car-
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tridge 70. The shutter plate 51 moves forward by the sloped
surfaces 53 so that the first toner inlet opening 441 becomes
open.

As shown 1n FIG. 3, 1n the state where the toner cartridge 70
1s mounted on the main body 20 of the developing device, the
toner cartridge 70 1s pressed backward by a coil spring 45
which 1s a biasing member. Accordingly, the mounting state
of the toner cartridge 70 against the main body 20 of the
developing device becomes stable.

The cover body shutting member 350 1s urged to move
backward by an unillustrated biasing member such as a coil
spring. Thus, 1n the state where the toner cartridge 70 1s not
mounted on the main body 20 of developing device, the first
toner inlet opening 441 falls 1n the state of being closed by the
shutter plate 51. On the other hand, when the toner cartridge
70 1s mounted on the main body 20 of the developing device,
the sloped surface 53 of the cover shutter member 50 1s
pressed by a lower portion of the toner cartridge 70 so as to
move forward while resisting against the biasing force gen-
crated by the biasing member. Accordingly, the first toner
inlet opening 441 becomes open.

As shown in FIG. 1, the toner cartridge 70 includes a
cartridge main body 71 for storing toner particles and a cover
body 78 for closing an upper opening of the cartridge main
body 71. At an upper end portion of the cartridge main body
71, an annular main body flange portion 710 projecting out-
ward 1s provided. On the other hand, the cover body 78 has a
cover flange portion 780 corresponding to the main body
flange portion 710. In the state where the toner cartridge 70 1s
filled with toner particles, the tlange portions 710, 780 are
fixed with each other by an adhesion process and the like.
Consequently, the toner cartridge 70 filled with toner particles
therein 1s finalized.

The cartridge main body 71 has a leftward and rightward
width set to be slightly smaller than the distance between the
pair of side plates 1n the housing of the main body 20 of the
developing device. A forward and backward size of the car-
tridge main body 71 1s set to be slightly smaller than an inner
s1ze between the rear plate 33 of the housing 30 and the
standing wall 42 of the cover body 40. Accordingly, the toner
cartridge 70 1s placed on upper part of the circulating convey-
ance passage 301 of the housing 30 and 1s detachably placed
on the cartridge mounting space 305 surrounded by the side
plates 31, the rear plate 33 and the standing wall 42.

As shown in FIG. 2, the cartridge main body 71 1s formed
to have the bottom plate 72 having two bumps in a side view.
Namely, the bottom plate 72 has a front arc-shaped bottom
plate 721 corresponding to the shutter placing portion 43 of
the cover body 40 and a rear arc-shaped bottom plate 72
formed on a backward position of the front arc-shaped bottom
plate 721.

In the bottommost position of the front arc-shaped bottom
plate 721, a toner discharging opening 73 1s formed at a
position of facing the toner inlet section 44 (first toner inlet
opening 441) of the cover body 40. In the state where the toner
cartridge 70 1s mounted on the housing 30 (FIG. 3), toner
particles stored 1n the toner cartridge 70 are supplied to the
housing 30 through the toner discharging portion 73 and the
toner inlet section 44 of the cover body 40.

In an upper portion of the rear arc-shaped bottom plate 722,
a stirring member 75 1s extendingly provided between the pair
of side plates 74 along a curvature center position of the rear
arc-shaped bottom plate 722. The stirring member 73
includes a shaft member 751 and a stirring fin 752. The shaftt
member 751 extends between the pair of side plates 74 rotat-
ably about 1ts axis center. The stirring fin 752 projects from a
peripheral surface of the shaft member 751 1n a radial direc-
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tion. The stirring fin 752 1s formed of a sheet body made of
synthetic resin, and the stirring member 75 1s rotated by
driving of an umllustrated driving motor 1n a clockwise direc-
tion 1n FIG. 3 about the axis center. Accordingly, toner par-
ticles on the rear arc-shaped bottom plate 722 are scraped off
and supplied to the front arc-shaped bottom plate 721.

In an upper portion of the front arc-shaped bottom plate
721, a spiral rod 76 extendingly provided between the pair of
side plates 74 along a curvature center position of the front
arc-shaped bottom plate 721 and a cartridge side shutter
member 77 exteriorly placed on the spiral rod 76. A setting of
direction and arotational direction of the spiral rod 76 1s set so
that the spiral rod 76 1s itegrally rotated with the stirring
member 75 to thereby convey toner particles sent from the
rear arc-shaped bottom plate 722 to the front arc-shaped
bottom plate 721 toward the toner discharging portion 73.

The cartridge shutter member 77 1s formed of a cylindrical
body rotatably placed on the spiral rod 76 and includes an
arc-shaped shutter portion 771, a elongate hole 772 and an
arc-shaped wall 773. The arc-shaped shutter portion 771 1s
adapted for closing the toner discharging portion 73. The
clongate hole 772 has a length which 1s long in a width
direction (a direction perpendicular to a sheet of FIG. 2) and
corresponds to the toner discharging portion 73 provided
adjacent to a counter-clockwise end portion of the arc-shaped
shutter portion 771. The arc-shaped wall 773 1s provided
adjacent to the elongate hole 772 in a counter-clockwise
direction. Between end portions of the arc-shaped shutter
portion 771 and the arc-shaped wall 773 facing each other in
a peripheral direction, an opening 774 for supplying toner
particles sent by the stirring member 735 to the spiral rod 76.

The cartridge shutter member 77 1s shiftable to a toner
discharging portion closing posture shown in FIG. 2 and to a
toner discharging portion opening posture shown in FIG. 3.
Further, the side plate 31 on a right side of the housing 30 is
provided with a posture shifting operation member 80 for
shifting a posture of the cartridge shutter member 77.

As shown in FIG. 2, the posture shifting operation member
80 has an operational circular plate 81 and a posture shifting
member 82. The operational circular plate 81 1s mounted on
outer side of the side plate 31 rotatably about the approximate
curvature center of the arc-shaped bottom plate 36 in the
cartridge mounting space 305. The posture shifting member
82 1s linked with a rotation of the operational circular plate 81
and shifts the cartridge side shutter member 77 between the
toner discharging portion closing posture and the toner dis-
charging portion opening posture. The operational circular
plate 81 1s provided with an operational lever projecting out-
wardly 1n a radial direction of 1ts peripheral surface and
engaging teeth 812 on a peripheral surface facing the opera-
tional lever 811.

The posture shifting member 82 consists of a semi-circular
portion 821 and a rectangular portion 822. The semi-circular
portion 821 1s a semi-circular shaped portion formed 1n a
lower portion of the posture shifting member 82. The rectan-
gular portion 822 1s a rectangular-shaped portion formed
integrally 1 an upper portion of the semi-circular portion
821. The posture shifting member 82 1s mounted 1n an 1nner
side of the nght-hand side plate 31 of the housing 30 and 1s
supported axially and rotatably about an unillustrated shaift so
as to have a common curvature center position with that of the
semi-circular portion 821.

In an inner side of the posture shifting member 82, a fitting,
groove 83 1s formed. The fitting groove 83 1s formed convexly
toward a curvature center position of the semi-circular por-
tion 821 from an end portion of the rectangular portion 822 at
a position of facing the semi-circular portion 821. A right-
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hand end portion of the spiral rod 76 1s {itted into the fitting
groove 83. At the curvature center position of the fitting
groove 83, an engaging projection 831 projecting outwardly
from a curvature center 1s formed. On the other hand, at a
right-hand end portion of the cartridge shutter member 77, an
unillustrated engaging groove exteriorly placed on the engag-
ing protrusion 831 1s provided.

Further, in the state where the operational lever 811 1s
reclined backward as indicated by a solid line 1n FIG. 2, the
toner cartridge 70 1n the state where the cartridge side shutter
member 77 1s set in the toner discharging portion closing,
posture 1s mounted 1n the cartridge mounting space 305 of the
housing 30. Accordingly, the engaging groove 1s exteriorly
placed on the engaging projection 831.

If the operational lever 811 1s operated to rotate the opera-
tional circular plate 81 1n a counter clockwise direction 1n this
state (refer to the operational lever 811 shown 1n FIG. 2 by a
two-dotted chain line), the rotation 1s transmitted to the pos-
ture shifting member 82 through the engaging teeth 812.
Then, the posture shifting member 82 1s rotated 1n a clockwise
direction about the curvature center and shifted to a lying
posture as indicated by a two-dotted chain line as in FI1G. 2. In
accordance with the rotation of the cartridge side shutter
member 77 1in a clockwise direction through the engaging
projection 831, the cartridge side shutter member 77 1s shifted
to the toner discharging portion opening posture where the
clongate hole 772 faces the toner discharging opening 73.

The main body 20 of the developing device according to
the embodiment also has a system for supplying recycled
toner particles 1n addition to a system for supplying toner
particles from the toner cartridge 70 (new toner particles).
FIG. § 1s a sectional view showing the system for supplying
recycled toner particles and shows a schematic view of an
image forming portion around the photoconductive drum D.
The 1mage forming portion includes the photoconductive
drum D, a charging roller 91, an exposing device 92, the
above-described developing device 10, a transferring section
93 and a cleaning section 94. The photoconductive drum D 1s
an 1mage bearing member consists of, for example, amor-
phous silicon and 1s so constructed as to be rotatable in a
direction indicated by an arrow 1n FIG. 5.

The charging roller 91 1s adapted for uniformly charging a
surface of the photoconductive drum D at a predetermined
clectric potential. The exposing device 92 1s constructed by a
laser scanning unit and the like and 1s adapted for 1rradiating
a laser beam (LED light ray) to the surface of the photocon-
ductive drum D to form an electrostatic latent image on the
photoconductive drum D. The laser beam 1s formed based on
an 1mage data transmitted from an unillustrated 1mage data
storing section and the like. The developing device 10 makes
toner particles attached to an electrostatic latent 1mage
tformed on the photoconductive drum D to expose an electro-
static latent 1mage as a toner 1mage. The transierring section
93 transiers toner image on the photoconductive drum D to a
recording sheet (unillustrated). The cleaning section 94 1s
adapted for cleaning toner particles resided on the surface of
the photoconductive drum D after a toner transier by the
transierring section 93 1s completed. The cleaning section 94
includes a cleaning blade 941 and a cleaning roller 942. The
cleaning blade 941 1s adapted for scraping oif resided toner
particles from the surface of photoconductive drum D.

In such construction, a toner conveyance duct 935 1s pro-
vided extendingly between the cleaning section 94 and the
developing device main body 20. In the toner conveyance
duct 95, a powder conveyance member such as a spiral feeder
1s interiorly provided so that powder can be conveyed from
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conveyance duct 95 1s open 1n the cleaning section 94, and the
other end 952 1s connected to the second toner inlet opening
442 formed in the main body 20. Thus, when the powder
conveyance section 1s driven, toner particles recovered from
the cleaning section 94 (recycled toner particles) are con-
veyed toward the main body 20 and supplied to the circulating

conveyance passage 301 through the second toner 1inlet open-
ing 442.

In addition to the above construction, in the main body 20
of the developing device according to the embodiment, as
shown 1n FI1G. 4, the rear spiral feeder 62 1s provided with the
conveyance power reduction portion 67 at a downstream of
the toner 1nlet section 44 1n a conveyance direction. FIG. 6 1s
a perspective view showing an embodiment of the convey-
ance power reduction portion 67. As shown i FIG. 6, the
conveyance power reduction portion 67 includes multiples of
reduction rods (rib member) 671 which are provided 1n a
peripheral rim of the spiral fin 64 parallel to the feeder shaft
63 1n a peripheral direction. In the embodiment, four reduc-
tion rods 671 are provided 1n an even pitch 1n a peripheral
direction. However, number of reduction rods 671 1s not
limited to four but can be less or more than four.

Since such conveyance power reduction portion 67 1s pro-
vided on the rear spiral feeder 67 at a downstream of the toner

inlet section 44, developer particles conveyed to a down-
stream by the spiral fin 64 rotated by a counter-clockwise
rotation of the feeder shaft 63 about the axis center are dis-
turbed by the reduction rod 671 at the time when they reach
the conveyance power reduction portion 67 and become dii-
ficult to move forward. Accordingly, the developer particles
are retained at an upstream of the conveyance power reduc-
tion portion 67. Thus, when toner particles are supplied and
amount of developer particles increases, retained developer
particles close up the toner inlet section 44 to thereby sup-
press Turther supply of toner particles. When toner particles
are consumed and amount of accumulated developer particles
decreases, a gap 1s formed between a part where developer
particles are retained and the toner 1nlet section 44, and toner
particles are supplied to the gap.

Heremaiter, operation of the developing device 10 1s
described. New toner particles are supplied to the main body
20 of the developing device from the toner cartridge 70
through the toner inlet opening 441, or, recycled toner par-
ticles collected in the cleaning section 94 are supplied into the
developing device main body 20 through the second toner
inlet opening 442. The first toner inlet opening 441 and the
second toner 1nlet opening 442 are provided above the circu-
lating conveyance passage 301 (rear conveyance passage
303) and upstream 1n a conveyance direction from the con-
veyance power reduction portion 67 provided in the rear
spiral feeder 62. Accordingly, by the above-described retain-
ing of toner particles, new toner particles and recycled toner
particles are appropriately supplied 1n accordance with con-
sumption of toner particles.

Supplied toner particles are stirred and mixed with devel-
oper particles (carrier) existing 1n the main body 20 by the
rear spiral feeder 62 and conveyed to a downstream of the rear
conveyance passage 303 (a direction indicated by an arrow al
in FI1G. 4). Then, the developer particles reach the front con-
veyance passage 302 through the commumication passage
304 as indicated by the arrow a2. While the developer par-
ticles are conveyed by the front spiral feeder 61 1n a direction
indicated by the arrow a3, a required amount of developer
particles are sent out to the developing roller 66. Thereatter,
developer particles including resided toner particles are sent
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back to an upstream end of the rear conveyance passage 303
through the communication passage 304 as indicated by an
arrow a4.

Further, as shown in FIG. 3, in the developing device 10,

toner 1nlet section 44 1s provided so as to face an upstream of 3

a rotational direction of the spiral feeder 62 1n the case where
a rotational portion of a rotation 1n a cross-section perpen-
dicular to the feeder shait 63 of the rear spiral feeder 62 of the
teeder shaft 63 coming close to the toner mlet section 44 (the
first toner inlet opening 441 and the second toner inlet open-
ing 442) 1s determined as an upstream of a rotational direction
and a rotating portion moving away from the toner inlet
section 44 1s determined as a downstream of the rotational
direction. Accordingly, new toner particles supplied from the
first toner 1nlet opening 441 and recycled toner particles sup-
plied from the second toner inlet opening 442 are likely to be
upwardly surged by the spiral fin 64 of the rear spiral feeder
62.

Thus, even if the conveyance of toner particles (developer
particles) becomes likely to be retained by conveyance power
reduction portion 67 of the rear spiral feeder 62, a movement
of developer particles becomes very active due to an upward
surging 1n a vicinity of the toner inlet section 44. Further,
since toner particles are conveyed in an axial direction
through an upstream wall (rear plate 33), shelf-lifting 1s not
likely to be occurred. Further, since recycled toner particles
having less fluidity and charging characteristic may be sutfi-
ciently stirred and mixed with the existing developer particles
(carrier), an appropriate charging characteristic can be pro-
vided. According to these operations, toner particles can be
constantly and stably supplied into the main body 20 of the
developing device. Further, darkness of toner particles can be
stabilized at the time of 1mage forming.

For comparison, in the case where the toner inlet section 44
1s formed at a downstream of a rotational direction of the rear
spiral feeder 62 (prior art), there 1s less movement of retained
developer particles. Accordingly, developer particles are
rammed down. Therefore, 1n the case where recycled toner
particles having less fluidity 1s resupplied into the developing,
device main body 20 or in the case where toner particles are 1n
a high-temperature environment where a fluidity of toner
particle gets worse and a low darkness printing consuming far
less toner particles 1s performed for a long time, the clogging
becomes like to be occurred.

The present invention 1s not limited to the above-described
embodiment but can take embodiments (1) through (3) as
described herebelow.

(1) In the above-described embodiment, the spiral {in 64
having a counterclockwise spiral direction 1s applied as the
tront spiral feeder 61, and, on the other hand, the spiral fin 64
having a clockwise spiral direction 1s adapted as the rear
spiral feeder 62. Accordingly, by rotating the front and rear
spiral feeders 61, 62 in the same direction, toner particles are
circulatedly conveyed along the circulating conveyance pas-
sage 301. Inplace of this, the spiral fins 64 of the front and rear
spiral feeders 61, 62 may have the same spiral direction and
be rotated 1n directions reverse to each other. With such con-
struction, toner particles can be circulatedly conveyed 1n the
circulating conveyance passage 301.

(2) In the above-described embodiment, the toner inlet
section 44 1s provided at a downstream of the rear conveyance
passage 303 since the rotational direction of the rear spiral
teeder 62 1s a counter-clockwise direction in FIG. 3. How-
ever, the mvention 1s not limited to provide the toner inlet
section at a rear part of the rear conveyance passage 303. In
the case where the rotational direction of the rear spiral feeder
62 1s a clockwise direction, the toner inlet section 44 may be
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provided 1n a front side of the rear conveyance passage 303.
With such construction, the toner inlet section 44 may be
provided in an upstream of the rotational direction of the rear
spiral feeder 62.

(3) In the embodiment, the conveyance power reduction
portion 67 1s formed by providing the reduction rod 671
parallel to the feeder shait 63 at a peripheral end portion of the
spiral fin 64. However, the present invention 1s not limited to
form the conveyance power reduction portion 67 by provid-
ing the reduction rod 671 on the spiral fin 64 but may adapt
various methods as long as 1t obstructs conveyance of the
toner particles. For example, a method of making a radial size
of the spiral fin 64 smaller at the part corresponding to the
conveyance power reduction portion 67 may be adapted.

Further, the above-described embodiment includes the
invention having the following constructions.

The developing device according to one aspect of the
invention comprises: a housing for supplying developer par-
ticles to a peripheral surface of an 1image bearing member
while stirring the developer particles and conveying the same
in the circulating passage; and a developer supplier for sup-
plying developer particles i the housing. The housing
includes: a developer inlet section provided 1n an upper part of
the housing; a conveyance mechanism for conveying devel-
oper particles received through the developer inlet section,
the conveyance mechanism being provided 1n the circulating
passage; and a developing roller provided at a position of
facing the 1mage bearing member. The circulating passage
includes a front conveyance passage extending along the
developing roller, and a rear conveyance passage extending
parallel to the front conveyance passage and passing a posi-
tion to recerve developer particles from the developer nlet
section. The conveyance mechanism includes a front con-
veyer and a rear conveyer which are rotatable about their
respective axes to convey developer particles 1 specified
conveyance directions. The front conveyer 1s provided 1n the
rear conveyance passage, and the rear conveyer 1s provided in
the rear conveyance passage. The rear conveyer has a convey-
ance power reduction portion for reducing the conveyance
power locally. The developer inlet section includes: a first
developer inlet opening for allowing developer particles from
the developer supplier to come 1n; and a second developer
inlet opening for allowing developer particles recovered from
the 1image bearing member to come 1n. The first and second
developer 1nlet openings are provided in the circulating pas-
sage at locations which are on upstream of the conveyance
power reduction portion of the rear conveyer. Further, the
developer inlet openings are provided at locations where
developer particles coming from the first developer opening
and the second developer opening are likely to be upwardly
surged due to the rotation of the rear conveyer.

Further, an image forming apparatus according to another
aspect of the imvention comprises: a developing device
including a conveyance mechanism for conveying developer
particles; and a driving mechanism for driving the convey-
ance mechanism. The developing device has the construction
described above.

According to this construction, both developer particles
came 1nto the housing of the developing device from the first
developer ilet opening of housing of the developing device
from developer supplier and recycled developer particles
recovered from the image bearing member came into the
housing of the developing device through the second devel-
oper 1nlet opening are upwardly surged by the rotation of the
rear conveyer and constantly conveyed 1n an axial direction at
an 1mmediately under the first and second developer inlet
openings. Accordingly, the disadvantage of clogging does not
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occur. Further, the first and the second developer inlet open-
ings are provided in the circulating passage at locations which
are on upstream ol the conveyance power reduction portion of
the rear conveyer so that developer particles and recycled
developer particles are once accumulated 1n the conveyance
passage. Accordingly, in the case where two-component
developer 1s used, a time for frictionally charging toners and
carriers can be conserved. Consequently, a charging charac-
teristic of toner particles can be improved.

According to such developing device or image forming
apparatus, the clogging does not occur even 1n the case where
recycled developer particles are resupplied into the develop-
ing device. Further, the charging characteristic can be
improved. Thus, toner particles can be constantly and stably
supplied 1nto the developing device, and darkness of toner
particles can be stabilized at the time of 1mage forming.

Inthe above-described construction, 1t 1s preferable that the
second developer inlet opening 1s provided in a location
which satisfies the equation 1=%45xL where | denotes a dis-
tance between an upstream end of the rear conveyer 1n a
conveyance direction and a downstream end of the second
developer 1nlet opening, and L denotes a length of the rear
conveyer.

According to this construction, recycled developer par-
ticles come 1nto the casing at a position near to upstream of
the conveyance direction of the rear conveyer. Accordingly, in
the case where two-component developer particles are used,
relatively long time for conveying recycled developer par-
ticles (recycled toner particles) having less charging charac-
teristic can be conserved. Accordingly, the charging charac-
teristic can be improved. Further, even 1f the fluidity of
recycled toner particles 1s lowered, recycled developer par-
ticles can be well mixed with respect to carrier particles since
the time for stirring by the rear conveyer becomes relatively
long. Thus, even in the case of using recycled toner particles,
toner particles can be supplied constantly and stably with
respect to the developing roller.

Further, in the above-described construction, it 1s prefer-
able that the second developer inlet opening i1s provided on
upstream of the first developer inlet opening 1n the circulating,
passage. According to this construction, recycled developer
particles having lower charging characteristic 1s supplied
from a position upstream from the position where new devel-
oper particles supplied from the developer supplier. Accord-
ingly, charging characteristic of the recycled developer par-
ticles 1s further improved. Thus, better image forming can be
performed stably.

In any one of the above-described constructions, 1t 1s pret-
crable that the developer particles are a two-component
developer including carrier and toner. According to this con-
struction, occurrence of clogging of the developer particles 1s
suppressed. Accordingly, charging characteristic of toner par-
ticles including recycled toner particles can be made better.

In the above-described construction, 1t 1s preferable that
cach of the front conveyer and the rear conveyer includes a
spiral feeder having a feeder shait and a spiral fin spirally
tormed on a periphery of the feeder shait for conveying devel-
oper particles 1 a predetermined conveyance direction 1n
accordance with an integral rotation of the spiral fin and the
feeder shait. According to this construction, a conveyance
mechanism having a simple and inexpensive construction
including a feeder shait and a spiral fin can be established.

In this case, the spiral fin of the rear conveyer has a clock-
wise spiral direction.

This application 1s based on patent application No. 2005-
342382 filed in Japan, the contents of which are hereby incor-
porated by references.
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As this invention may be embodied in several forms with-
out departing from the spirit of essential characteristics
thereol, the present embodiment 1s therefore 1llustrative and
not restrictive, since the scope of the invention 1s defined by
the appended claims rather than by the description preceding
them, and all changes that fall within metes and bounds of the
claims, or equivalence of such metes and bounds are therefore
intended to embraced by the claims.

What 1s claimed 1s:
1. A developing device for supplying developer particles to
a peripheral surface of an 1mage bearing member comprising:

a housing;

a circulating passage for conveying developer particles
while stirring them, the circulating passage being pro-
vided 1n the housing;

a developer supplier for supplying developer particles 1n
the housing;

a developer inlet section for allowing developer particles to
come 1n from the developer supplier, the developer inlet
section being formed 1n an upper portion of the housing;;

a conveyance mechanism for conveying developer par-
ticles recerved through the developer inlet section, the
conveyance mechanism being provided 1n the circulat-
ing passage; and

a developing roller provided at a position of facing the
image bearing member, wherein:

the circulating passage includes a front conveyance pas-
sage extending along the developing roller, and a rear
conveyance passage extending parallel to the front con-
veyance passage and passing a position to receive devel-
oper particles from the developer inlet section,

the conveyance mechanism includes a front conveyer and a
rear conveyer which are rotatable about their respective
axes to convey developer particles 1n specified convey-
ance directions, the front conveyer being provided in the
front conveyance passage and the rear conveyer being
provided in the rear conveyance passage, the rear con-
veyer having a conveyance power reduction portion for
reducing the conveyance power locally, and

the developer inlet section includes a first developer inlet
opening for allowing developer particles from the devel-
oper supplier to come 1n, and a second developer inlet
opening for allowing developer particles recovered from
the 1mage bearing member to come in, the first and
second developer inlet openings being provided 1n the
circulating passage at locations which are on upstream
of the conveyance power reduction portion of the rear
conveyer and where developer particles coming from the
first developer inlet opening and/or the second developer
inlet opening are likely to be upwardly surged due to the
rotation of the rear conveyer.

2. A developing device according to claim 1, wherein the

second developer inlet opening 1s provided 1n a location
which satisfies the following equation:

[=2/5x ]

wherein 1 denotes a distance between an upstream end of the
rear conveyer in a conveyance direction and a downstream
end of the second developer 1nlet opening, and L denotes a
length of the rear conveyer.

3. A developing device according to claim 1, wherein the
second developer inlet opening 1s provided on upstream of the
first developer 1nlet opening in the circulating passage.

4. A developing device according to claim 1, wherein the
developer particles include carrier particles and toner par-
ticles.
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5. A developing device according to claim 1, wherein each
of the front conveyer and the rear conveyer includes a spiral
teeder having a feeder shait and a spiral fin spirally formed on
a periphery of the feeder shait for conveying developer par-
ticles 1n a predetermined conveyance direction 1n accordance
with an integral rotation of the spiral fin and the feeder shaft.

6. A developing device according to claim S, wherein the
spiral fin of the rear conveyer has a clockwise spiral direction.

7. An 1mage forming apparatus comprising:

a developing device including a conveyance mechanism
for conveying a developer; and
a driving mechanism for driving the conveyance mecha-

nism, wherein

the developing device includes:
a housing;
a circulating passage for conveying developer particles

while stirring them, the circulating passage being pro-
vided 1n the housing;

a developer supplier for supplying developer particles in
the housing;

a developer inlet section for allowing developer particles to
come 1n from the developer supplier, the developer inlet
section being formed 1n an upper portion of the housing;;

a conveyance mechanism for conveying developer par-
ticles recetved through the developer inlet section, the
conveyance mechanism being provided in the circulat-
ing passage; and

a developing roller provided at a position facing an image
bearing member, wherein:

the circulating passage includes a front conveyance pas-
sage extending along the developing roller, and a rear
conveyance passage extending parallel to the front con-
veyance passage and passing a position to receive devel-
oper particles from the developer inlet section,

the conveyance mechanism includes a front conveyer and a
rear conveyer which are rotatable about their respective
axes to convey developer particles 1n specified convey-
ance directions, the front conveyer being provided 1n the
front conveyance passage and the rear conveyer being
provided in the rear conveyance passage, the rear con-
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veyer having a conveyance power reduction portion for
reducing the conveyance power locally, and
the developer inlet section includes a first developer nlet
opening for allowing developer particles from the devel-
oper supplier to come 1n, and a second developer inlet
opening for allowing developer particles recovered from
the 1mage bearing member to come in, the first and
second developer inlet openings being provided 1n the
circulating passage at locations which are on upstream
of the conveyance power reduction portion of the rear
conveyer and where developer particles coming from the
first developer inlet opening and/or the second developer
inlet opening are likely to be upwardly surged due to the
rotation of the rear conveyer.
8. An 1mage forming apparatus according to claim 7,
wherein the second developer inlet opening 1s provided in a
location which satisfies the following equation:

[=25%x]

wherein 1 denotes a distance between an upstream end of the
rear conveyer in a conveyance direction and a downstream
end of the second developer 1nlet opening, and L. denotes a
length of the rear conveyer.

9. An 1mage forming apparatus according to claim 7,
wherein the second developer inlet opening 1s provided on
upstream of the first developer inlet opening 1n the circulating
passage.

10. An 1mage forming apparatus according to claim 7,
wherein the developer particles include carrier particles and
toner particles.

11. An 1mage forming apparatus according to claim 7,
wherein each of the front conveyer and the rear conveyer
includes a spiral feeder having a feeder shait and a spiral fin
spirally formed on a periphery of the feeder shait for convey-
ing developer particles 1n a predetermined conveyance direc-
tion 1n accordance with an integral rotation of the spiral fin
and the feeder shatt.

12. An 1mage forming apparatus according to claim 11,
wherein the spiral fin of the rear conveyer has a clockwise
spiral direction.
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